mechanisms that govern their expression and/or activity. Nevertheless, under normal physiological circumstances, the balance between the rates of production *Correspondence: checler@ipmc.cnrs.fr and clearance of Aβ is likely to be delicately regulated, neprilysin activity might be modulated, either directly or indirectly, by the presenilins. This hypothesis was dibreaking down only in circumstances that lead to the rectly supported by the subsequent observation that, onset of Alzheimer's disease. We show here that alin comparison with wild-type cells, PS-deficient cells though γ-secretase cleavage produces Aβ, the other displayed dramatically lower levels of total neprilysinproduct of γ-secretase cleavage (AICD) specifically like activity, phosphoramidon-sensitive activity, and upregulates the transcription of NEP, which in turn, acneprilysin protein expression. In Figures 1D and 1F , celerates the degradation of Aβ. This transcriptional comparison of the white bars reveals the difference in signaling pathway therefore provides a simple and eletotal neprilysin-like activity: 12450 ± 934 versus 2148 ± gant physiological mechanism for the regulation of Aβ 326 for fibroblasts ( Figure 1D ; p < 0.0001) and 15450 ± levels following physiological activation of γ-secretase 754 versus 11160 ± 672 for blastocysts ( Figure 1F ; p < cleavage of βAPP. Figure 1A) . These results raise the possibility that ined neprilysin activity on the surface of intact cells, using a cell-impermeable fluorimetric substrate. In this assay, the substrate is cleaved only by enzymes that are present at the cell surface with their catalytic sites facing the extracellular space. In agreement with the studies on whole-cell lysates described above, PSdeficient fibroblasts exhibited a significant 80% reduction of cell membrane neprilysin activity compared to that in wild-type fibroblasts (31130 ± 582 versus 4609 ± 359, Figure 1H ; p<0.0001). Furthermore, neprilysin immunoreactivity was poorly detectable at the surface of intact PS-deficient fibroblasts, although it was readily detectable on the surface of wild-type fibroblasts (Figure 1I) . A similar reduction in cell membrane neprilysin activity was also observed in PS-deficient blastocysts (BD8), but not in wild-type blastocysts (BD6) (380.7 ± 34 versus 199 ± 25, Figure 1J ; p < 0.001).
Figure 1. Neprilysin Expression and Activity Are Selectively Lowered in Presenilin-Deficient Cells (A) Synthetic Aβ40 was incubated for various time periods with the indicated wild-type or PS-deficient cells; then Aβ-related immunoreactivity was analyzed after 16.5% Tris-tricine electrophoresis and Western blot with WO2. (B-J) Neprilysin activity was measured in fibroblasts (B, D, and H) or blastocyst-derived (C, F, and J) homogenates (B-D and F) or intact cells (H and J). Neprilysin corresponds to total (white bars in [D] and [F]) or phosphoramidon-sensitive (B, C, H, and J) Suc-Ala-Ala-Phe-7AMC-hydrolyzing activity. Neprilysin-like immunoreactivity was monitored in whole homogenates (E and G) or by immunohistochemical labeling on intact fibroblasts (I). Bars represent the mean ± SEM of six (D), nineteen (F), three (H)
,
Presenilin Deficiency Selectively Affects Neprilysin
To assess whether PS deficiency specifically altered neprilysin activity, or whether it also affected other putative Aβ-degrading activities or proteases, we measured the expression of endothelin-converting enzyme and insulin-degrading enzyme ( Figure 1K ) and the Taken together, these data suggest that the loss of only ( Figures 3D and 3E) . Control experiments indicate that aminopeptidase M activity was not affected by neprilysin expression in PS-deficient cells arises from impairment in neprilysin transcription. Intriguingly, nep-PS1 or PS2 complementation in PS-deficient fibroblasts ( Figure 3F ). These data were fully confirmed rilysin transcription, protein expression, and enzymatic Figures 6A-6D) . Neprilysin activity is fully restored by APLP2 cDNA transfection in APLP2 −/− fibroblasts (125.1 ± 6.9 of control, n = 3; p < 0.05; Figure 7A ). However, the absence of both βAPP and APLP2 in fibroblasts resulted in an even more dramatic reduction in neprilysin activity and expression (80% ± 2.6% reduction of activity in homogenate, n = 8; p < 0.0001; Figure  6A ; 87% ± 2.% reduction of activity on intact cells, n = 6; p < 0.0001; Figure 6B ; and 92% ± 0.7% reduction of expression in APP −/− APLP2 −/− versus control fibroblasts, n = 3; p < 0.0001; Figures 6C and 6D) , while ECE-like and IDE-like immunoreactivities remained unaffected (not shown). Importantly, double βAPP/APLP2 deficiency also led to decreased NEP mRNA expression (30% reduction in two independent experiments, Figure 6B Figures 6E and 6F ). This tive APP/APLP-independent cerebral NEP activity. suggests that derivatives of βAPP might also control In order to establish whether the control of neprilysin cerebral neprilysin in vivo and supports the notion that activity was restricted to the APP-related ICDs, we next a presenilin-dependent, γ-secretase-mediated cleavexamined the putative effect of other PS-dependent γ-secretase-mediated products. Thus, NICD is the inage product of APP, namely AICD, is a physiological lysin) capable of degrading that other product. Thus, γ-secretase activity directly controls Aβ production and Interestingly, X11, which clearly reduces γ-secretase cleavage of βAPP, also drastically reduces neprilysin then indirectly modulates its degradation. To our knowledge, a similar "self-contained" mechanism for regulatactivity. Therefore, Fe65 and X11, which trigger opposite effects on Aβ production, also elicit an opposite ing the degradation of enzyme products has not been described previously; (NB: this does not preclude phenotype in neprilysin regulation.
Altogether, the similar decrease in neprilysin activity AICDs from also activating other genes). If Aβ production and degradation are tightly linked, and expression triggered by the absence of PS or APP/ APLPs, the analogous absence of control of neprilysin this raises the question of why Aβ accumulates in AD. The net accumulation of Aβ in AD pathology likely reby Fe65 and Tip60 in these invalidated fibroblasts, and the opposite phenotype observed with Fe65 and X11 flects the cumulative effect of multiple events acting on production, fibrillogenesis, and degradation. In many all lead to the firm suggestion that the endogenous γ-secretase-dependent fragments controlling neprilysin forms of AD, especially the late-onset sporadic forms, it has not been shown that there is increased β-and are indeed AICD/ALIDs.
The redundant role of PS1 and PS2 in regulating nep-γ-secretase activity. In fact, some have suggested that these forms may reflect defective degradation of Aβ rilysin transcription contrasts with their overlapping but not redundant roles in modulating Aβ peptide and (Iwata et al., 2001; Leissring et al., 2003) . Therefore, AICD levels are likely to be unchanged in these lateNotch signaling. Thus, PS2 deficiency alone does not affect γ-secretase-mediated production of Aβ or Notch onset forms of AD, and as a result, the AICD-mediated ability to upregulate neprilysin activity would not be efin vivo (Herreman et al., 1999) . However, PS1 deficiency cDNA and empty vector (pCS2), myc-tagged m⌬ENotch-coding vectors, or NICD-coding vectors. A β-gal reporter cDNA was cotransfected to normalize data for transfection efficiency. Forty-RT-PCR Analysis of NEP mRNA eight hours after transfection, cells were rinsed, gently scraped in Total RNA was extracted and purified with the SV Total RNA Isola-PBS (pH, 7.4), and spun for 5 min at 4000 rpm. Cells were then tion System (Promega). For each RT-PCR reaction, 500 ng of RNA homogenized in 100 l of lysis buffer, and luciferase activity was was used. To amplify mouse neprilysin cDNA, the forward primer measured by the Luciferase Assay System as described (Petit et was 5#-AGCCTCTCTGTGCTTGTCTTGC-3# and the backward primer al., 2001). was 5#-CACTCATAGTAGCCT-CTGGAAGGG-3#, yielding a 614-bp product. RT-PCR reactions were performed with the Access RT-PCR System (Promega). The reverse transcription was done at Gel Shift Assay Electrophoretic mobility shift assays (EMSA) were performed using 48°C for 45 min, followed by a denaturation step at 94°C for 2 min. PCR reactions were performed at 94°C for 30 s, 55°C for 1 min, a commercial DNA binding-protein detection system (Promega, Charbonnières, France). In brief, PCR fragments covering three disand 68°C for 2 min during 40 cycles, followed by a final extension of 7 min at 68°C. RT-PCR products were analyzed on a 1% agarose tinct regions of the rNEPP1 promoter were obtained using the following primer pairs 5#AAGCTTGACCGAGAGC3#/5#CGACACATCC gel stained with ethidium bromide.
